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Abstract: To obtain maximum crop yield, agricultural practices must be considered. Two crop row 
orientations [north-south (N-S) and east-west (E-W)] and row spacings (10 and 20 cm) were tested in 
this regard under two weed control treatments (unweeded and hand pulling twice at 30 and 45 days 
after sowing) to study their effects on growth and yield in wheat as well as on associated weeds in the 
newly reclaimed soil in Egypt. The study was conducted in two successive seasons (2009/10-2010/11) 
at the Experimental Station of the National Research Centre, El Nubaria district, El-Behera 
Governorate. Split-split plot design was employed in this regard with four replications each treatment. 
Good activity was recorded for the whole treatments, either in increasing crop growth, yield, yield 
components or controlling associated weeds. The best results obtained in this regard were for the 
treatment (E-W crop row direction + 20 cm row spacing + hand weeding twice). Compared to control, 
the data recorded 43.9 % increase in crop growth (on the basis of dry matter weight) and 21.3 % in 
crop yield. Remarkable inhibition was also obtained on associated weeds (48.5 %) under this 
treatment.  From that all, we can conclude the effectiveness of row direction and row spacing in 
increasing crop yield and controlling associated weeds in wheat which in terms of saving environment 
and our nourishment as well as reducing agricultural costs are highly valuable.   
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INTRODUCTION 
 
 Controlling weeds is a key factor of most agricultural processes. Weeds cause a lot of damages to our crops. 
According to the latest statistics, weeds might cause up to 95% crop losses based on different ecological and 
climatic factors (Ampong-Nyarko and De Datta, 1991; Moody, 1991). Farmers depend on different ways in 
controlling their pests of weeds. Of the most familiar are herbicides. However, increasing emphasis on the bad 
effects on environment and public health put many troubles against using these agrochemicals all over the 
world. Working on reducing quantity, encouraging mechanical and agricultural methods together with using 
non-traditional chemicals like plant or microbial compounds could partially helps in solving the problem. 
 Cultural practices that improve weed control include crop rotation, timely weed control during summer 
fallow and crop growth, a firm seedbed at crop seeding, proper variety selection, use of quality seed, optimal 
seeding dates, seeding rates, row spacings, row direction, seeding techniques and soil fertility (Burton et al., 
2005; Lyon et al., 2006). Mechanical tactics include tillage, blind cultivation (shallow tillage of the entire field 
after planting), and between-row cultivation (Martens and Martens, 2002; Burton et al., 2005). Flame weeding, 
hand weeding and topping are also mentioned as possible tools (Diver, 2002; Burton et al., 2005).  
 Herbicides as we reported earlier are very effective, but because of their hazards they aren’t welcomed yet. 
Today, there is a grown concern of using natural products (from plants or microbes) in controlling weeds in 
different crops, especially cereal crops. These include acetic acid (distilled vinegar), clove oil, non-detergent 
soap-based pesticides, some corn gluten meal products, and boiling water (Burton et al., 2005). While these 
products have potential for controlling weeds in organic farming systems, no earnest researches have been 
conducted on using them in controlling weeds in wheat.  
 Crop row orientation and row spacing are the matter of our concern here in this study. So, a special 
attention is alright given here. Manipulating crop row orientation is a significant determinant of crop 
productivity and controlling weeds (Holt, 1995; Rousseaux et al., 1996). Row spacing is in the same proficiency 
too. Theoretically, planting crops in narrow rows improves yield for a given area, since it allows the crop to 
capture more of the available light, water and nutrients. More importantly, narrow rows provide maximum crop 
competition with neighboring weeds (Heider, 2002). Use of increased plant populations, narrower rows and row 
directions perpendicular to the path of the sun all perfectly work in suppressing associated weeds and increasing 
crop yields from the point of view of many authors. Many noxious weeds (e.g., ryegrass, littleseed canarygrass, 
wild oat, common vetch and black nightshade) recorded response where crop row orientation and row spacing 
were implicated (Angiras and Sharma, 1996; Sharma and Angiras, 1996; Shrestha and Fidelibus, 2005). 
Recently, Borger et al. (2010) reported that crop rows oriented at a right angle to sunlight (east-west direction) 
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suppress weed growth through greater shading of weeds in the interrow spaces (a study conducted on wheat, 
barley canola, lupines and field pea cops).  
 Regardless the positive role of row spacing and orientation in affecting weeds and crop yields, they have 
also a pivotal role in conserving soil water from evaporation. Paying no attention to growing weeds, orientation 
affecting soil moister relations in olive (Olea europaea L.) and apple (Malus domestica Borkh.), orchards and 
oat (Avena sativa L.) (Pendleton and Dungan, 1958; Palmer, 1977; 1989; Mohler, 2001; Connor et al., 2009). 
Chen et al. (2010) reported also a relation between row spacing and soil moister in wheat. Although many 
researchers found good impact for row spacing in increasing crop yield in many crops, some other reported no 
influence in certain like wheat (Hiltbrunner et al., 2005). Row spacing with good tillage, ridging resulted in 
good results on cotton emergency and seedling vigour (Ozpinar and Isik, 2004). Row spacing has a unique role 
in vegetable crops (Heider, 2002).  
 The aim of the present work is, therefore, to study the effect of row spacing and orientation conducted 
under hand weeding treatment in controlling weeds and increasing crop yield and its components in wheat, 
which is considered one of the main strategic crops, not only in Egypt but all over the world. The study also 
betook to study this influence under the field conditions of the newly reclaimed soil in Egypt.   
 

MATERIALS AND METHODS 
 
 A field trail was conducted in two successive seasons (2009/10-2010/11) to study the effect of row direction 
(E-W and N-S) and row spacing (10 and 20 cm) under two weed control treatments (unweeded and hand pulling 
at 30 and 45 days after sowing) in controlling weeds and increasing wheat (Triticum aestivum L.) yield in the 
new reclaimed soil of Egypt. The experiment was conducted at the Agricultural Production and Research 
Station of the National Research Centre, El Nubaria Province, El-Behera Governorate. The treatments were 
arranged in split split-plot design with four replications, where row direction, row spacing and weed control 
treatments allocated randomly in main, sub and sub sub-plot respectively. The soil was ploughed twice and 
divided into plots. During that a 150 kg calcium super phosphate/feddan (15.5 % P2O5) was added as a general 
application. The area of each experimental unit was 10.5 m2; Fed.= 0.42 ha.  
 The soil texture of the experimental site was sandy soil (91.20 % sand, 5.10 % clay and 3.70 % silt) and 
having the chemical characters: pH 7.4 %, CaCO3 1.4 %, EC 0.5 mmllos/cm3 and the available total N, P and K 
were 8.1, 3.2 and 20.0 ppm, respectively at  0-30 cm depth according to the methods of Chapman and Pratt 
(1978). 
 Wheat grains cv. Sakha-93 were sown manually by drilling into rows at 60 kg/fed. Sowing date was around 
the middle of November each season. Standard fertilizers were added following germination. 50 kg potassium 
sulphate (48 % K2O)/fed. was added after 30 days from sowing; 120 kg N/fed. as ammonium sulphate (20.6 % 
N) was added in six equal doses right after germination and every two weeks till beginning spike emergences. 
Sprinkler irrigation was applied as plants needed. Wheat plants were manually harvested on the first week of 
May in both seasons. 
 During both seasons, wheat and weed plants from each plot -in one square meter- were cut above soil 
surface at 75 days after sowing. Plant height (cm) and dry weight (g) of wheat and weeds were determined. Dry 
weight was determined after drying in a forced oven at 70 ˚C till constant weight. Dominant weed species 
during both growing seasons were: Brassica nigra L., Melilotus indica L., Amaranthus cruentus L., 
Chenopodium ambrosioides L., Chenopodium murale L., Sisymbrium irio L. (annuals, broad-leaves); Eragrostis 
cilianensis All., Phalaris minor Retz., Poa annua L. (annuals, grasses); Cynodon dactylon L. and Dicanthium 
annulatum (perennials, grasses).  
 At harvest one square meter from each plot was counted to determine number of spikes/m2. Plant height 
(cm), number of spikeletes and grains per spike, length (cm) and weight of spike (g), grains weight of spike (g) 
and 100- grain weight (g) were determined from randomly selected 20 tillers from each plot. Wheat was 
threshed manually to determine grains, straw and biological yield per plot (3 × 3.5 m) that was converted into 
ton per fed. 
 All data were statistically analyzed as split-split plot design by using MSTAT-C package program (1988), 
and treatment means were compared using Least Significance Differences Test at p=0.05. Since the trend was 
similar in both seasons, Bartlett’s test and the combined analysis technique were applied in this regard.  
 
Results:  
 The results refer to the efficiency of the different treatments in controlling weeds and increasing wheat's 
growth in both growing seasons (Table 1). The treatment (E-W crop row direction + 20 cm row spacing + hand 
weeding twice) had the best results in this regard, either in controlling weeds or increasing crop growth. Such 
treatment caused weeds growth to suppress by 48.5 % and crop growth to increase by 43.9 and 28.6 % for the 
dry matter weight and plant height, respectively in comparison with the control. Overall, the treatments included 
E-W crop row orientations were more effective than those with N-S directions.  



Aust. J. Basic & Appl. Sci., 6(3): 422-427, 2012 

424 
 

Table 1: Crop and weed growth in response to the different treatments of crop row orientation, row spacing and hand weeding twice 
treatments after 75 days from sowing. (Means of two seasons). 

Treatments Wheat Weed biomass 
(g/m2) Row direction Row spacing 

(cm) 
Weed control Plant height 

(cm) 
Dry biomass (g/m2) 

East-West 10 Hand weeding twice 49.78 138.67 43.33 
Control 42.44 104.00 62.67 

20 Hand weeding twice 46.56 164.00 28.67 
Control 36.22 114.00 55.67 

North-South 10 Hand weeding twice 41.44 105.33 45.67 
Control 37.22 95.33 59.33 

20 Hand weeding twice 45.67 158.67 40.00 
Control 38.35 120.00 55.33 

LSD 0.05 1.12 3.37 2.21 
Mean of main effects  

Row direction East-West 43.75 130.17 47.58 
North-South 40.67 119.83 50.08 

LSD 0.05 0.56 2.51 1.64 
Row spacing (cm) 10 42.72 110.83 52.75 

20 41.70 139.17 44.92 
LSD 0.05 0.23 1.94 1.53 

Weed control Hand weeding twice 45.86 141.67 39.42 
control 38.56 108.33 58.25 

LSD 0.05 1.08 1.69 1.10 

 
 The separate analysis of each component of the treatment (e.g., E-W direction vs. N-S direction; 10 cm row 
spacing vs. 20 cm row spacing, hand weeding vs. control) revealed that hand weeding twice was generally more 
effective in controlling weeds and increasing crop growth than did row spacings or orientations. In this regard, 
there were significant variations between E-W and N-S crop row orientations in affecting crop growth and 
associated weeds. The same were also observed with the 10 and 20 cm row spacing treatments. Meanwhile E-W 
crop row orientation was the best in comparison with N-S orientation, the 20 cm row spacing treatment was the 
best compared to the 10 cm treatment.    
 Concerning the effect at harvest, no big differences were observed on what already established before on 
mass vegetative growth of the plants (Tables 2, 3). Wheat does have good yield over a range of treatments. The 
best results recorded in this regard were for the treatment (E-W crop row direction + 20 cm row spacing + hand 
weeding twice), either in increasing crop yield or its components including spike number per square meter, 
spike length, spike weight, grains number per spike, weight of grains per spike, spikeletes number per spike and 
100- grain weight. Compared to control, it caused 21.3 % increase in crop yield and up to 17.9 % increase in 
yield components. Harvest index (HI) as well as crop index (CI) were also affected in response of the treatment 
(Table 2). 
 Straw yield wasn't away of the influence. A particular response was recorded for the treatment (E-W crop 
row direction + 20 cm row spacing + hand weeding twice), the one considered the best over all. A 19.1 % 
increase was estimated in this regard compared to the control with 19.8 % to biological yield (Table 2). 
 
Table 2: Grain yield, harvest (HI) and crop index (CI) in response to the different treatments of crop row orientation, row spacing and hand 

weeding twice treatments in the two successive seasons. (Means of two seasons). 
Treatments Crop yield  

HI  
(%) 

CI  
(%) Row 

direction 
Row  

spacing (cm) 
Weed  
control 

Grain Straw Biological 
- T/feddan - 

East-
West 

10 
Hand weeding twice 1.95 3.37 5.32 36.69 63.31 

Control 1.55 2.78 4.33 35.78 64.22 

20 
Hand weeding twice 1.99 3.75 5.74 34.61 65.39 

Control 1.64 3.15 4.79 34.21 65.79 

North-
South 

10 
Hand weeding twice 1.21 3.05 4.26 28.37 71.63 

Control 1.16 2.55 3.71 31.20 68.80 

20 
Hand weeding twice 1.49 3.27 4.76 31.33 68.67 

Control 1.37 2.85 4.21 32.44 67.56 
LSD 0.05 0.06 0.05 0.08 0.87 0.87 

Mean of main effects  

Row direction 
East-West 1.78 3.26 5.05 35.32 64.68 

North-South 1.31 2.93 4.24 30.84 69.16 
LSD at 5% 0.07 0.022 0.14 1.00 1.00 

Row spacing  
(cm) 

10 1.47 2.94 4.40 33.01 66.99 
20 1.62 3.26 4.88 33.15 66.85 

LSD 0.05 0.02 0.021 0.04 ns ns 

Weed control 
Hand weeding twice 1.66 3.36 5.02 32.75 67.25 

Control 1.43 2.83 4.26 33.41 66.59 
LSD 0.05 0.03 0.025 0.04 0.44 0.44 
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Table 3: Yield components in response to the different treatments of crop row orientation, row spacing and hand weeding twice treatments 
in the two successive seasons. (Means of two seasons). 

Treatments Plant  
height
(cm) 

Spike (s) Spikeletes 
No./ 
spike 

100-
grain  

weight  
(g) 

Row 
direction 

Row  
spacing 

(cm) 

Weed 
control 

No./ 
m2 

Length 
 
(cm) 

Weight 
 
(g) 

Grains 
 
No. 

Grains
weight 

(g) 
East-West 10 Hand weeding twice 63.33 840.00 10.24 3.12 45.73 1.48 16.78 3.74 

Control 50.67 828.33 9.93 2.81 35.07 1.09 16.67 3.12 
20 Hand weeding twice 68.33 873.33 10.03 3.14 46.33 1.71 17.11 3.98 

Control 61.67 851.67 9.89 2.75 41.18 1.45 16.66 3.50 
North-South 10 Hand weeding twice 59.67 816.67 9.97 2.79 42.28 1.26 15.46 3.21 

Control 57.33 783.33 8.89 2.62 35.00 1.12 15.44 3.18 
20 Hand weeding twice 67.33 863.33 9.97 2.88 41.44 1.35 16.89 3.54 

Control 63.33 764.67 9.67 2.68 31.60 1.21 13.67 2.89 
LSD 0.05 2.00 22.63 0.32 0.031 3.93 0.023 1.08 0.11 

Mean of main effects  
Row direction East-West 61.00 848.33 10.02 2.96 42.08 1.43 16.81 3.59 

North-South 61.92 807.00 9.62 2.74 37.58 1.24 15.36 3.21 
LSD 0.05 ns 16.96 0.23 0.027 3.80 0.009 1.03 1.53 

Row spacing  
(cm) 

10 57.75 817.08 9.76 2.84 39.52 1.24 16.09 3.31 
20 65.17 838.25 9.89 2.87 40.14 1.43 16.08 3.48 

LSD 0.05 1.67 10.87 0.28 0.020 ns 0.015 ns 0.11 
Weed control Hand weeding twice 64.67 848.33 10.05 2.98 43.95 1.45 16.56 3.62 

Control 58.25 807.00 9.60 2.72 35.71 1.22 15.61 3.17 
LSD 0.05 1.00 11.31 0.16 0.015 1.96 0.011 0.54 0.05 

 
Discussion: 
 Perceptible results were recorded for the whole treatments, either in controlling weeds or increasing crop 
growth and its productivity. The best results recorded in this regard were for the treatment (E-W crop row 
direction + 20 cm row spacing + hand weeding twice). 
 Seem to be the results on increasing wheat growth was mainly due to the effect on suppressing associated 
weeds. That is a well documented case in many studies, relevant or have no relation with our target crop, wheat 
(Zand et al., 2010; Scursoni et al., 2011; Vazan et al., 2011). Hand weeding is well-known by its efficacy in 
controlling weeds (Metwally et al., 2009; Sharara et al., 2011). Row spacing and orientation are in the same 
proficiency too (Heiniger and Duyn, 2005; Borger et al., 2010). Managing all in one treatment like the case we 
concern here in our study absolutely leads to more significant results. The results from published researches 
revealed that narrow rows are more effective than wide rows, especially if used under a one of well-known weed 
control treatments like hand weeding twice or any of the herbicides registered in this regard (Grichar et al., 
2004; Burton et al., 2005; Chauhan and Johnson, 2010; 2011). This so far agrees with our findings. Heiniger and 
Duyn (2005) described that use of slightly increased plant populations, narrower rows, row directions 
perpendicular to the path of the sun, and tall-growing hybrids all working in increase canopy density within 
crops, so affecting associated weeds (Maddonni et al., 2001; Grichar et al., 2004; Singels and Smit, 2009; 
Balkcom et al., 2010). Increasing competition was the case recorded in this regard. This gives a reasonable 
explanation for our data on suppressing associated weeds.  
 Although our results refer to E-W crop row direction as the best in comparison with N-S direction, that 
doesn't mean it's a standard case in all studies conducted in this regard. In the same time some authors 
considered E-W crop row direction as the best in suppressing weeds growth in wheat (Borger et al., 2010), some 
other reported N-S direction as the best too in suppressing associated weeds in wheat (Lyon et al., 2006). Both 
have the same opinion that both directions working through increasing shading in between rows so affecting 
neighboring weeds.   
 Increasing crop yield and its components is a normal reflection of what was noticed on increasing mass 
vegetative growth of the plants. Raising for healthy, vigorous plants during mass vegetative growth stage 
absolutely leads to a significant increase at harvest. There are many published data that dealt with this point 
confirming that adjusting crop row orientation together with row spacing is very important in increasing yield 
within crops, especially if used under a one of well-known weed control treatments like hand weeding twice or 
any of the recommended herbicides in this regard (Grichar et al., 2004; Connor et al., 2009; Chauhan and 
Johnson, 2010; 2011). But this is not always the common case. Gesch et al. (2003; 2010) found, for example, no 
significant differences between narrow and wide rows in affecting Cuphea yield, a genus so much important in 
USA for oil production rich in medium chain fatty acids. Balkcom et al. (2010) had the same observation too on 
cotton plants tested under 38 and 102 cm row spacings.  
 On the basis of the above results, they indicate that implication of row spacing, row orientation in the 
agricultural operation is very important in increasing crop yield and controlling associated weeds in wheat. We 
claim that row oriented E-W plus 20 cm row spacing both conducted under a hand weeding twice treatment is 
the best in this regard for the most significant results could be obtained. 
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Conclusion:  
 We may conclude several important points form the above obtained results: 
1. Row spacing and orientation are significant in controlling weeds and increasing crop yield in wheat.  
2. The best results obtained in this regard were for the treatment (E-W crop row orientation plus 20 cm row 

spacing and hand weeding twice treatment). 
3. Veiling light and increasing competition are potential reasons from the point of view of the authors in 

suppressing weeds growth.   
4. From our vision, as a final point, we can't depend on crop row orientation and row spacing in treating weed 

problem in a crop, like wheat but this should be adhering with an aid tool like hand weeding (twice) or any 
of the recommended chemical/mechanical/agricultural tools to achieve a significant increase in controlling 
weeds and increasing crop yield.  
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